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@ Exhaust gas purification system for an internal combustion engine. 



@ An exhaust gas purification system for an 
internal combustion engine includes an engine 
(2) capable of fuel combustion at lean air-fuel 
ratios, a catalyst (6) constructed of zeolite carry- 
ing at least one metal selected from the transi- 
tion metals and noble metals to reduce NOx 
under oxidizing gas conditions and in the pre- 
sence of HC. The exhaust gas purification sys- 
tem also includes a device for determining 
degradation of the catalyst (6), and a device for 
increasing the amount of HC or changing a 
catalyst temperature to a higher side when it is 
determined that the catalyst (6) has been deg- 
raded. The NOx purification rate , of the catalyst 
is maintained high even after the catalyst (6) has 
been degraded. 
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The present invention relates to an exhaust gas 
puriftcatiGB system -for ; an intern ahcombustiqn engine 
prodded with a zeolite-type NOx reduction catalyst in 
anexhaust conduit of the engine wherein a high NOx 
purification rate of the catalyst can be obtained even 
after the catalyst has bjesn .degraded.; , * i 
, t; . Carbon dioxide (CG 2 ) exhausted from automobile 
engines isvdesired to:be reduced^for- environmental 
protection, and fuel combustion of engines at lean air- 
fuei ratios^lean burnjiis.one solutioa theiiefor. How- 
ever; since a conventional three-way catalyst.pannot 
reduce nitrogen oxides (NOx);included in the exhaust 
gas from the Jean burn engine, it is a : problem how to 
decrease the amount of; NOx exhausted, from the 
Engine to the environment ; rui ;'T x. : 

k . As a catalyst capabie<,of reducingr NOx under 
.oxidizing c gas conditions (exhaust i.gas conditions of 
the.lean burn engine)i«a catalyst constructed of zeolite 
carrying transition; metals and^reducing-jNOx. in =the 
presence of hydrocarbons (HG) is disclosed in, for 
example, Japanese Patent- Publications HEl 1- 
;K30735and HEI 1-135541.-- V: r.i* 
\ -^However, with the zeolite cata!yst,>there is a prob- 
lem.that the catalyst tends to.undergo thermal degra- 
dation which makes it impossible to utilize the catalyst 
effectively, l:. :i . ; l' u :-U r • • . 

>• c-_ An.objectofthe inyention is.to provide an exhaust 
?gas purification) system ^forc an internal combustion 
engine with a zeolite catalyst jnstalledjn an exhaust 
conduit of the engine, wherein^the zeolite cafcalysUean 
still operate wjth-a! considerably high NOx purification 
jate (NOx ? conversion) : even, after, the^catalyst has 
been thermally degraded.-, ->o» ' - ^ - >.:r. * 
-. f - ^he.above-rdescribed.object^is^ttained by an 
i exhaust gas purification system* for; an interna bcom- 
--bustion -engine* in accordance with ; the present irtven- 
..fiSn.iThe exhaust gas purification. system includes an 
internal combustion engine capable^ofrfuel combus- 
tion at lean air-fuel ratios and having an exhaust con- 
duit, arid a catalyst installed in the exhaust conduit of 
the engine. The catalyst may be constructed of zeolite 
carrying at least one metal- selected from the group 
consisting of transition metals- and noble metals :to 
reduce nitrogen oxides included in exhaust gas from 
the engine under oxidizing gas conditions and in the 
. presence of hydrocarbons (such catalyst may be cal- 
led a lean NOxicatalyst hereinafter). The exhaust gas 
purification system further,includes> means for .deter- 
mining degradation of the catalyst; and meansxfor 
increasing the amount of hydrocarbons supplied to 
the catalyst when the.meansufor determining degra- 
- dation of the catalyst determines thatthe catalyst has 
\been degraded . (This system will be explained as first 
through third embodiments of the invention hereinaf- 
ter-) : ^ ; 'o.:.--,/ ■;: - ' ^ 
r: In above, the.means for increasing the amount of 
hydrocarbons can be, substituted by or may be used 
together with means -for changing a catalyst tempera- 



ture to,a higher temperature side when -the means for 
..determining degradation of the catalyst determines 
that the catalyst has been degraded. : (Jhis system will 
be explained as fourth through six embodiments of the 
5 -invention hereinafter;) c - 

- An NOx reduction mech^pisrry of the lean NOx 
^catalyst is presumed to be a -reaction of radicals gen- 
erated: through partial [ .oxidation qf JjC with NOx. 
^Therefore, if ; the. ampuntof HC included in the exhaust 
^o gas is increased, the amount of-radicals will increase 
^and the JMQx punTicatipn/aJepf the lean r^Ox catalyst 
#wi!Lbe increased.^ % n .-;v ..^-.^j 
•• -\-\ Jntthe present inyentipp, the means for determin- 
ing degradation pHhe catalyst determines .the r extent 
,15 of degradation of the catalyst and increases the 
. amount pf HO supplied to, the -catalyst in accordance 
: with thedegradationpxtent of the, catalyst, As,a result, 
eyen : rf.thelean NOx catalyst is thermallydegr^ded to 
make the reaction of the radicals with NOx less active, 
20 -thevsuppty amount: is increased in proportion to the 
.'-degradation extent and -therefore jhe,, amount of radi- 
cals is increased, so %at decrease, .of thej-NOx^ purifi- 
eCTtipn^texjS/Suppressed, ; and the NOx purification 
irate., may be : jncreased. : In,this ^instance,. since the 
. 25 amount of HC is increased, in accprdance J; with the 
i degradation ^extent, pf the, lean NOx .catalyst, the 
. jncreased amount of HC will be pptimum,tp .minimize 
HC consumption, *s w- v 

o q^Since a : temperatur,e range where. tho, lean NOx 
30 . .catalyst can-operate with.a high NOxpurifiqatiqn rate 
/^shifts^tq a^igherjemperatureside i n accordance with 
degradation of the catalyst, decrease pf the NOx puri- 
fication rate of the lean NOx catalyst can be effectively 
.suppressed by changing the catalyst temperature to 
35 -^tiigh temperature side, using, the means for changing 
the catalyst temperature. - 
i i,The, above :: and ; , other objects, features;, and 
f -advantages. of the prespntJnvention will become more 
>: epparent-jand^wtll be mpre : readily appreciated from 
, C 40 - the ;foll.ov/ir>g-, detailed -.description pf the preferred 
.^embodiments cf; the ; invention , taken in conjunction. 

with the accompanying drawings, in- which: ... 
, . . - FIG; 1 r is a } flpw chart for determining degradation 
- . i.-ofta lean NOx, catalyst for an exhaust gas purifi- 
45 .7" ^cation system-for an internal. combustion engine 
r in accordance with a first embodiment of the pre- 
v -,s,e.nt invention;- ; ; ■*. - i. r:/ 1 '- i '--i ~.t 
... ( .FIG'.-;2.is a graphical representation of a map of 
. u . -exhaust ,gas temperate versus -accumulated 
- 50 ~ • running distance used in calculation, by the flow 
chart of FIG, T 1; *o -;. : fV ^-t ^\ 
.FIG.. 3: is^a graphical representation of a; map of 
... j? pbjectHCconcentration.versus accumulated run- 
,.r : 7 - ningdistance.usep in^calculattpn.by the.flow chart 
^55 of FIG. 1; . . " r : ... 

FIG> 4 ; is .a flow chart ;fpn changing a;cata1yst tem- 
{ . : ;/Prerature fprjan, exhaust gas: purification system 
* :: xfor an internal combustipn.engineJn accordance 
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with the first embodiment of the present invention 
arid is applicable to a fourth embocfiment of the 
' preserif invention; ' • 1 -3 * 

FIG. 5 is a flow chart for increasing the arfiountof 
HC for an exhaust gas purification system for an r 5 
internal combustion engine in accordance with 
the first embodiment of the present invention 1 and 
'is applicable to : the second" and third' erribbdi- 
ments and the fourth 1 through sixth enrtbodiments 
of the present invention;^ 3t K ■ ^' 10 

F\G. 6' is- a ^chematrc' system diagram ■ of an 
exhaust gas purification system for an' internal 
combustion -engine in accordarice witK-tfte first 
through fifth^embodirrierits bf the present inven- 
tion^ ' ■> ' ' ' - ^* ' * "15 
c FlG: 7 is a grdph^fllustrating a 'NOx purification 
* rate? tNOx conversion) versus lean- NOx-catalyst 
'temperature' ? (ior exhaust 1 gas ^temperature) 
"■ characteristic; -\ ~ ' - - ■ ' - ' 
;FIG. 8'fe a* flow chart for determihTng degradation 20 
; of a fearV NOx catalyst for ari f exhaust gas j puiifi- 
' cation "system for an internal combustion 'engine 
( in accordance witf? the second embbdimeri^dfthe 

- present invention and is applicable to- the" ''fifth 
embodiment of the invention; " ' " : ' 25 
FIG. 9 is A a graphical fepVeserrtatiofi of^a map^f 

efrg fne I oa d versus e ngi ne s peecf used nri caJ 6u- 
lation by the flow chart of FIG:'8; ! ^ue^ j,- "< ' 
Fi G . 1 0 is s 'grap hicai represehtatioh of r cr map of 
temperature' : ' modification factor ' versus ( purifi- • 30 

- cation rate decrease extent iiised rn dal'culatfdn by 
the 'flowchart of F1G.8; r « ) : . ! « . v l . 1 

' - Fife* 1 1 is a graphical Te'preSeMatiorVbf a map of 
1 'ffG ; - concentration yersOs v purtfifcation -ratei » dec- 
re ase eVte rtt used in cal cul atiorV by t he flo w' eh art - 35 
of FIG. 8; ! - ; ^ 

FIG. 12 is a" flow chartfor changing a- catalyst tem- 

r perature for an' exhaust gas purification 5 /sy stem 
W an- internal combustion engine iri^acodfdahce 

: with the second embodiment of the preserif inven- 40 

■ tibn and is applicable' to* the fifth errfoodimen* of 
the present invention;-* ' 

FIG. 13 Ts r a graphical represe'rftation^of a map of 
exhaust-gas temperature' versus ignitibri-timing 
' usedin calculation by the flow chart of FJG. 12; ■ 45 
'■ FIG. '14 is a flow chart* for determining degra- 
dation of a lean NOx catalyst in' accordance with 
the third embodiment of the present invention; 
FIG. 15 is a graphicar representation of a map of 
! engine load versus engine-speed used in calcu- so 

lation by the flow chart of FIG. : 14; 
>■ FIG. 16 is a graphical 5 representation of a map of 
« catalyst-degradation extent versus* catalyst deg- 
radation function used' in-^cal curat id ri by the flow 
chart of FIG. 14; ;' £• "'»'<■ " fl 55 

FIG.- 17 is a graphical ^presentation of ainap of 
; exhaust gas teftiperaUfre versus catalyst' degra- 
^ -dation used in calculation oy the ftow chart of FIG. 



5 2 r F4GL'18 is a graphical representation of fa map of 
^object HC cbnceritration -verstis catalyst' degra- 
; ' dat)6h extent-used in calculation by the flow chart 
' of FIG! 14; nfc.i ^. : . m * , 

FIG. 1 9 is a ftow chart forchanging a catalyst terrn- 
• - peraturg'by controlling the amount of cooling wind 
^ : - in adcordance with the sixth embodiment o/lthe 
present rnvention; and - ■■' - - ' noiu s^o 

- * f-FiG;^20 is a schematic system, diagram of ; ah 
11 l P exhaust gas^ purification system for an internal 

M ^ combustion engine in accordance^ with the sixth 
■v : embodiment df the present inventionCf' - & 
Six* embocfirrients of the (invention wilhbe^iexp- 
lained. The first through third* embodiments include 
'"rfleans for increasing the=amount of HC'as an essen- 
tial * element 'thereof, and the; fourth through sixth 
embbdiment&inoltide means for changing»the catalyst 
temperature; as an^essential element thereof. 
^ Further v ^the first*-embodiment, which includes 
means fo~r->deteitnihin)g degradation of a catalyst 
based on an accumulated running distance of an 

- automobile', is;Hlustratetf in FIGS. 1-7. The second 
-embodiment^ wbiclv includes means for studying' and 

^tJeterming -degFadatioa of a catal^rst based on -an 
accumulated running distance, is illustrated in FIGS. 

; 6 "and 8-1 3. The third embodimerttl which 'inoludes 

" mean's ;foY f determining^ degradation: ;of ;a >»catalyst 
based' on a temperature difference between the ynlet 
gas ancHhe dutfetgafs of the catalyst; is illustrated in 
FIGS.i ^and 14^18. The fourth embodiment, which 

^ includesii means for^ determining degradation of. a 
catalyst based on an accumulated running distance of 
an automobile, sis ilkistrated : in FIGSv 1-7.<TKe fifth 
embodiment, whichrincludes means for3tudying and 
deterrning degradation of a -catalyst based :on . .an 
accurntrl ated running 4 istanee, is^ illustrated in FIGS . 
6 and S-K^The^ixth embodiment includes means for 
changing a catalyst temperature by controlling the 

: amount of cooling wind and is illustrated in FIGS. 19 
and 20. - t \ .1 ^ •% -i : 

FIRST EMBODIMENT - ^ > ^ 

As illustrated in FIG. 6,. an engine 2 capable of 
fuel combustion at Jean air-fuel ratios: (lean bum 
^ngine^ has an exhaust conduit 4 where a lean NOx 
catalyst 6 is installed. An exhaust gas temperature 

^control device 8 is installed in a portion^ the exhaust 
conduit upstream' of the lean NGx catalyst 6. When 

^the exhaust gas temperature changes, a cataJyst tem- 
perature of the lean NOx catalyst 6 changes accord- 

: : ing to the change in the exhaust gas temperature. A 
portion of engine coolingvwater is lead to the* exhaust 
gas temperature control device 8 and the circulation 

' amount of cooling water* is .controlled, by. a control 

.: valve so that the:exhaust gas. temperature control 
device 8. can control - the exhaust gas: temperature. 
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The engine cooling w^ter-typa exhaust, gas tempf^a- 
tyre^contrql <Jeyice 8. may be /epjaqeq\by pther-Jype 
exhaust gas : tenDperature coniroi. - deyipes. For 
example* a device^using .introduction of secpnalary a|r 
(if the secondary*ajr is introduced, into the exhaust 
^as,. trie exhaust gas. temperature is lowered), , a 
device using arj air-fuel ratio coatrpl (if the air-fuel 
ratipis qhapged to a rigjierside in a lean air-.fuej ratio 
range, the exhaust gas temperature rises), or a davfce 
using an ignitiorKtiming control i}1 the ignition timing is 
adyanoec^ the exhaust gas-temperature isjpwered .up 
.to a certain ignition timing and . then rises at further 
advanced ignition timings) may be employed. In the 
case ofdiesel engines,, the exhaust gas temperature 
qontrol device 8 may be replaced by^ajd^vjce^usipg^a 
charging pressure control (if the charging pressure |s 
increased, the exhaust gas temperature lowers^and 
a device using : an intake^throttie, valve control JX-if an 
.ppening degree of (i the intake thrpttje valve -is made 
large, the exhaust gas temperature lowers).. The oper- 
ation of the exhaust gas temperature control device^ 
controlled- by an electronic control uniMECU) ;10. : 
Jrv the portion of the exhaust conduit 4 : upstream 
pf the lean N Ox catalyst 6, a hydrocarbon supply 

■ (device (HC supply device) is proyided.,The HC supply 
device includes h a hydrocarbon source (HC source) 
12, a hydrocarbon supply port (HC supply port) 14 for 
introducing the HC from the HC source 12 into the por- 
tion of the exhaust conduit, 4 upstream of the lean. 
NOx catalyst 6, and a control valve (HC control valve) 

1 16 forcoritrol ling -the amount of HC supplied into the 
- exhaust conduit 4. The control yalve;/16 is driven by a 
valye drive device 18 which is controlled byrthe^ECU 

. : : A first exhaust- gas temperature^.senspr 24 is 
. installed in thei pprtipn of the exhaust conduit 
upstream of the lean NOx . catalyst 6, and a second 
exhaust gas temperature, sensor 20 is installed in a 
portion of the exhaust conduit downstream of f the lean 
NOx catalyst 6. Further, an NOx sensor 22 i ; s installed 
. in t|ie portion, of the exhaust conduit downstream of 
the lean NOx catalyst 6. The output, signals of these 
sensors 20, 24, and 22 are fed to the ECU 10, Also, 
a signal of a running distance of the automobile -to 
which. the engine £ is mounted,. and signals of an 
engine load and.an engine speed are fed to the ECU 

: 10-: " * : ■ . 'i- 

The ECU 10 is constituted by a ^microcomputer 
. which includes arunput interface, an output interface, 
.-an^nalpg/digital cpnverterfor converting analog sig- 
nalsjto .digital signals, a. read-only memory (F^OM), a 
random access {memory (ROM), and a central pro- 
cessor unit (CPU) for conducting calculation.. The 
ROM stores the flow charts and maps "of FIGS 1-5, 

■ an d th e cal cu I ation s are executed i n the C P U . r 

<vi - .FIGi-1 illustrates^ rpufine for determining a cieg- 
, i: radation extent of the lean NOx catalyst 6 and consti- 
tutes means for determing degradatipaofthe catalyst 



§.. Jhis routine is entered at.interyals of predetermined 
periods of,time/fpV example, at interval? of fifty n}ij- 
Jiseconds. r ■ * p.>,,.. 

v^.At step to?, it is determined whether or riptthe 
,5 ignition switch i§ turned on7lf the jgnitipn switch is In 
an. OFF state, the routine ^proceeds tp a return step 
.because it is necessary to determine degradation of 
the catalyst/lf the ignition switch is in an pN^state at 
step 102, the jputine proceeds to step 104; where an 
. 10 accumulated running distance S of the automobile, to 
^hlcKtihe engine Z is mounted',, is cal culated. Then, at 
step, 106" a Igwer temperature limit ti and an upper 
jerpperature lirnit T2 of a temperature range where the 
Jea'nN6x^teiyst 6 with a . high ypx puri- 

.15 ^cation rate arVcalculated.sp as \p cbrrespo'nd to the 
calculated mnning .distance S using. the nriap of FIG. 
2. ^s illu^teB jr^RQ.^, the values of TI : anjd'.T2 
increase in accordance with the degradation exteht of 
the'lean NOx catalyst, that is, an increase jn the 
20 .accumulated running distance S. The^T.1 and T2 
( 1shpwn Vn^lG., 7 correspond to thpse of the lean NOx 
,catalyst ai,anjhitialJstate!,When the lean NOx catalyst 
7 is degraded, the temperature where the lean NOx 
catalyst 6 operates with a maximum NOx purification 
25 - H ra}e shifts to a^higher temperature side, JFrom a to b 
and from b.tp c in FIG. 7. Then, thet routine proceeds 
. ^ .step r 1A8,. where a i lower limit TC pf an. object 
^exhaust^as temperature rahgei is replaced by TI and 
an upper limit TH of tneobject^exhaust gas tempera- 
.30 , Jurerange is replaced r by T2, . . . 

^ the routine.furthex proceeds to step ,11 6, where 
an pbject hydrocarbon c^nce ; nfratipn H1 is calculated 
based !pn. ; the calculated accumgl.ated running dist- 
ance 5 using FIG- 3- When the accumulated running 
35 ifistaqceJncreases..and the degradation _exte.nt.pf the 
lean NOx c?talyst:6 increases^^the^bjf ct.am 
i. HC supplied io. the lean NOx catalyst 6 ; should be 
Jncpe.ased, , as ^Ishpyvn in pj.Gi* 3,^ so that the radicals 
...generated .. through partiaj oxidation., of HC are 
.. >t 40 .increased. to suppress a decrease in the NOx, purifi- 
^c s atipn rate.'pf the lean .NOx , catalyst 6 v Xhen, at .step 
^1,1.2,-. an HC cppcentrationHT^according to which the 
. opening degree pf I^C control valve 16 is.operated, is 
replace^ W. the . increased H1, and then the routine 

.45 returns. ; . ■ - * ' 

I When the.data.TC, TH.and HT h.ave been c^lpu- 
xlated in the routine of FjG.'i, the catalyst temperature 
. , is controlled using the^rputine of FIG. 4 and Jhe HC 
^amount isjncrepsed using the rputine of FIG.. ;1 5. In this 
r so "instance, the routine pf^ FIG. A is not, ess.ehtiaUn the 
; Jirst embodiment, but the cputine n gf FIG. : 5. is ^ssential 

in the first embodiment.* . ' ^ . ^ 
r 1 jn the routine Qf,Fip n 4,,a current ^ exhaust' gas 
temperature TE (an output of the exhaust ^a^ tem- 
t , .55 . : -,perature-.sensor 20), is entered at.step 202. Then, at 
step 204, it is determinWd whether or, not the exhaust 
^,gas t temperature,T5.is lower.than trie lov/er limit TC 
..of the, pbject temperature range calculate^ Jn | FJG, 1. 
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When TE is lower than TC, it is necessary to increase 
the exhaust" gas* temperature and the routine' pro- 
ceeds to step 206 where circulation of the engine 
""cooling water to the exhaust gas temperature control 
device fli is stopped. When TE is equal to or higheV 
than TC at step 204, the routine proceeds to step 208, 
where it, is determined whether' or not the current 
exhaust gas temperature TE is higher than the upper 
limit TH of the 'object temperature range: If TE* is 
, higher than TH, it is necessary 'to. lower fhfe Exhaust 
"gas temperatujre,* and the routine" proceeds to step 
210 where the engine cooling water is'circdlated to the 
exhaust gas temperature control" device 8: When TE 
is equal to or lower than TH, TE is between TC and 
JYfand there is no need to control the exhaust v <gas 
'temperature'. Therefore, "the routine proceeds^to'step 
^212 where' th6 previous statS is maintained and then 
the' routine return's, the routine of FIG.' 4, the" steps 
^106 and i 08 of FIG. 1, and the mapWFIG^3;'consti- 
^ tute means 'for changing the*' catalyst temperature 
^ (which corresponds to the exhaust gas temperature 
to a richer side when trie fean NOx'catalyst 6 has been 
'degraded. , ' ~ ' ' ~ ' ' r ^*~" J - ■"' 

" FIG. 5 illustrates' a* routine for increasing the 
1 * amount of HC. This rdutme is entered at intervals "of 
predetermined periods of time\ for example, ' at' inter- 
nals pfTrfty rnilliseconds'V At step 302; ah intake 'air 
* amount or quantity Qis entered. Then, at step 304/an 
bbjecf opening degree N/Aof trie HC control "valve 16 
is calculated based on the intake air amount Q and trie 
calculated object HC concentration HT using a pre- 
determined Q versus HT map so* that the higher the 
HC concentration' J4T 'is the larger the opening degree 
'-VA of the L HC control valve 16 is. "Further, the larger 
the Intake air amount G is'the larger theopehihg deg- 
ree VA of the HC control valve 1 6 is. Then; atstep 306, 
"''the output VA*is J sent to the actuatorof the HC control 
i; valve 16 so that the opening degree of theFlC control 
3 'valve 16 is adjusted to the opening! degree VA: In this 
" ri'C sup'ply amount control, 'when the lean NOx catal- 
yst 6 is 1 thermally degraded, the HT value is made 
r .' large at step 1 i2 of FIG. 1 , and the amount of HC 'sup- 
plied to the lean NOx catalyst 6 is increased by' the 
'routine of FIG. 5, so that" decrease of the NOx purifi- 
cation rate of the lean NOx catalyst 6 is suppressed 
orthe NOx'purifi cation' rate is increased. More particu- 
]: jarly/even if the' reaction of HC ahd'NOx is decreased 
/due to degradation of the lean NOx catalyst 6, the 
amount" of HC^u pplied to the : I ean "NOx* 'catalyst 6 is 
' increased 'sb'/that the "NOx purification rate is 
v ' increased as shown by'the broken link of FIGl 7. In this 
instance, the step 110 of FIG/ 1, : FiG. 3, ! and the 
"routine of FiG.5 constitutes the means for In creasing 
' the HC amount. ir *' '• •'• ' C; - >; 

,y " Operation with respect to the 'first 'embodiment 
""will now be explained^ ' 1 * ' *' v * " :r * 

"' ' ' When it is determined, based oh the accumulated 
running distance,' that the' lean NOx catalyst 6 has 



been degraded, the HC amount is increased by the 
means for increasing the HC amount- in accordance 
with the degradation extent of the : lean NOx catalyst 
6* The more degraded the catalyst 6 is,- the less the 

5 NOx purification rate of the catalyst 6 is, and the more 
the He amount supplied to the catalyst 6 is, the mo>e 
the NOx purification rate of the catalyst 6 is: Theref : 
ore, even if the NOx purification characteristic shifts 
_fr6m a to b, arid from b to c in FIG. 7, due to degra- 

io datiori -of ■ the catalyst '*6 r , the ' characteristic^lirie ; is 
Raised, as shbwh ^by a broken line in FIG: : 7\ by 
Increasing the amount of HC supplied to the catalyst 

•6. ■ : ; • 

m j Further, if the catalyst temperature is changed" to 
15 "a higher side, using 1 the routine of FIG. 4 : together with 
^he' above-described HC amount increase, the NOx 
purificatioh rate of the lean-NOx catalyst 6 is further 
increased: More -particularly, even if the lean NOx - 
batatyst is degraded, accompanied by a shift of the 
20 "NOx purification rate peakUempbrature; to a higher 
temperature side, "the catalyst temperature 1 also- is 
changed to the higher side corresponding i to theKdeg- 
radatiori extent of the catalyst 6, so that the leatfNOx 
catalyst' 6 is always used at or near its NOx pfirifi- 
c 25 cation rale peak temperature and the NOx purification 
* ability of the lean* NOx catalyst 6 can 1 be extracted for 
a long period of time. ' " f. 

SECOND EMBODIMENT - r ! 

:t 3o * • ' v "" : " 1 ' *- %J ' ■ • ■ - • v.* 1 * 

The second-' embodiment r differs from the^first 
'embbdimeht with regard to the means for determining 
degradation of the lean NOx catalyst 6. Further, inlhe 
second embodiment, the means for changingCthe 
35 catalyst temperature Includes rneah's for changing a 
catalyst temperature using aft ignition timing control. 
■ Since structures* of other portions, arid the operation 
Ci of the other portions/are the sarhe as; those of the first 
: embodiment;* only the portions" different from the first 
40 embodiment wfll be explained below. v- 

Fl<3. 8 illustrates a routine for studying and deter- 
'mining degradation of the lean NOx catalyst 6. This 
routine is entered at intervals of ' predetermined 
periods of timeV for example/ at intervals of fifty mil- 
* '45 ' liseconds. At step 402, it is determined whether or not 
the accumulated running distance exceeds a ^pre- 
determined value S, for example, 2,000 km. When the 
accumulated running distance is less than the pre- 
determined values, it can be presumed that the catal- 
50 * r yst 6 is not yet degraded, and the routine proceeds to 
step 404- and the subsequent steps where' the current 
" output of the NOx sensor is studied and stored. When 
'the accumulated running distance exceeds the : pre- 
. - determined value S, the catalyst 6 is deemed to have 
y 55 been degraded, and the routine proceeds to step 414 
arid the : subsequent'*steps 'where the degradation 
extent 'of the catalyst 6 is calculated by a difference* of 
' the current-output bf-lth'e NOx sensor' and the stored 
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value. Then^the HC amount is increased correspond- 
ing to the degradation extent of the catalyst jE^ ; : . 
r ;tf< More particularly, at step 404, where it is deter- 
mined whether or not a catalyst degradatio.astfjdying 
condition is ; satisfied, for example, whether or not the 
current engine operating condition is in awarrned^up 
and usual running condition. If the current conditipnis 
not in thecatajyst degradation studying condition, the 
routine returns, and if the current condition is in the 
.cataj.yst degradation studying condition, the routine 
proceeds to step 406. At step 406, the current operat- 
ing conditions, for example, the current engine load 
Q/N and the current engine speed NE are c entered. 
Then, at step 408, the stored NOx sensor putput Gi 
corresponding to the current engine Qpe rating condi- 
tions is found using the map of engine load versus 
engine speed of FIG. 9. Then, at step 41 0, the stored 
NQ* sensor output Gi is gradually modified by/the cur- 
rent output N of the NOx sensor 22 using the equation 
(N + 9*Gi) / 1 0 and this modified value is stored as,Gi 
in the RAM of the ECU 10. Then, at step 412, a tem- 
perature modification factor K whieh.wilhbe used ;in a 
routine of FIG. 12 is set to 0 and an HC concentration 
HT usedjnthe routine of FIG. 5 is set to a basic HC 
concentration H10- which will be obtained, in FIG. 11. 

The; routine then proceeds from step 402 to step 
,414,; At, step 414 a /determination, is made as .to 
whether, or not a.^ catalyst degradation determining 
condition is^atisfied, for example,, whether or not-the 
current engine operating condition : is.4n a warmed-up 
( ^ind usual,, running condition. If the currentcondition is 
. not in the catalyst degradation determining condition, 
Jthe routine returns, and ff the^current condition is in the 
. catalyst, ; -.degradation determining .^condition, ,the 
,rp.ujine: proceeds to : stsp 416. At step-4 16, the current 
engine load Q/N : and;the current engine spaed NE are 
.entered. Then* at step. 418, ;the Gi yalue, correspond- 
ing to the engine operating condition is read from the 
studied and ^pre#Gi values.. Then,- at step 420, from 
the current NOx sensor output N (after the catalyst 
degradation) and the r$ad Givalue (before the catal- 
yst degradation), a NOx purification, rate decrease 
extent D is calculated rising -the equation D ~ N - Gi. 
The above^described steps 402^420 and. FIG. 9 con- 
stitute : the means for determiningr-degradation of the 
; lean NOx catalyst 6 in the second embodiment. 
■ ■ * Then, .at step 422, a catalyst temperature rppdifi- 
cation faptor K is calculated from the NOx purification 
rateidecrease extent D using. : amap of Kversus D : of 
FIG. ,1-0. As shown in FIG. 10, the largerthe value D 
is, the larger the factor K js.,Then,. at. step 424, an 
object HC concentration H1 is calculated using a map 
of H1 versus D of FIG. 11. In FIG. 11, the larger the 
value D is, the larger the object concentration H1 is. 
The initial value^of H is H10. Then, .the routine pro- 
. ceeds to step 426^ where HT is^replaced 'by the.eal- 
i. culated value H1„- and fchen the routine returns. The 
above-described steps 424 and 426 and FIGS.41 and 



■• i 

- , 5 ^constitute the mean§, for increasing the amount of 
"HC supplied to.the lean NOx catalyst 6 in the ssecorid 
embodiment % »■ 

. ,^ _RIG. 1 2 illustrate? a routine for ignition timing con- 
5 trol foil changing th$ cataiysttemperature in.the s,ec- 
pnd ri ^mbp i diment Since there is a relationship 
between ignition timing and. exhaust gas temperature 
as shown in t FIG. 13, the catalystiemperature js con- 
trolled by -.the ignition timing,, in the second embqdi- 
,10 .ment v ,*,_,. ^ .. .. - _ . .. ; - - ; • 

v ^the routine .of FK3. £2 iV entered at intervals of 
^predeterminedxrank.ang^ example at int^rvajs 
-of 3Q° crank angles. At step 502, a basic ignitipr timing 
9BAS£is calcjulated from th^ current engine load Q/N 
r 15 and the current engine, speed HE. TJjeflV ^t step,£b4, 
, an jgnjtipn timing advance* ampun^ 9A is. calculated 
; fr9m.theeqgation ; QA= K* Mn, wner^M^isa constant 
and K is catalyst temperature modificatipn factpr cal- 
, Quitted in the routine of plG.,8. Then, at steps506 and 
20 - 5oX the "value OA is restricted to. a, value equal to or 
.less thag-a . pijedetenriined value, alpha. Then, the 
routine, propeed^ to step 510, wh^re an object ignition 
.timing 6 is calculated using the equation. a = 0BASE 
; + 0A.,Then, at step.51?,the ignition timing G is exec- 
25 ^ uted^and then. the .cputine returns. In th[s instance, 
„.whgn the value )< is large, the yalue e is ajlSQjarge, so 
* that the, exhaust .gas^temperature and the catalyst 
temper^ure are high. The aboyerdescribed step 422 

-30 1 2 constitute :the means Jcwr changing the^catalyst tem- 
, perature to a higher, side wfie^the lean NOx catalyst 
, 6 has . been degi;ad ed i n th e. seco nd embod jment. 

THI RD . EM BO bl ME NT> " ~ . ; . , >; *\ \ : ; - : ! 

- The third embodiment differs from, the>first ern^o- 
.diment onlyJn, the. means for determining degradation 
..of the lean NOx catalyst 6, Since th^ structure of the 
otfcier portions and the operation ; of the other^portions 
40 are theisame as those. s of the first embgdimenj, o^ly 
t^e:portions different from those of the first emhodi- 
r nrjen t wil I be explained < i below, - ^ 3 

1 1 FIG. 14 illustrates a routine for determining deg- 
radation of the lean NOx catalyst 6. This routine is 
. ,45 entered at intervals of predetermined periods of time, 
for ; example. at intervals of, fifty niillis.econds,.Atstep 
602, a determination is made as to.whether or r\qt the 
current engine operating condition is in a catalyst deg- 
radation determining condition, ^ for. example; in ; a war- 
. 50 med-up and usual running condition. If the current 
^ .condition is not in the catajyst degradation 5 determin- 
ing conditipn, the/outine-retums. Ifthe current cqndi- 
.-.-tjon: is; in- the .catalyst -j^egradatiQn .: determining 
. s . condition, the routyiJe,proceeds ; tp step 604, where the 
r .55 , qurrent engine load Olb\ and the current engine spe^d. 
i _,NE are- entered.-Therv, .at step 606,, a predetermined 
^ reference, temperature difference, (delta Ti) between 
. t the inlet gas and the, outlet gas : of .the lean Npx catal- 
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^ysf 6; Whibh engjne load*" and 

l engifie speed cbhditions, is read from a map of FIG. 

is. t .;^.v ;,f 

' Aj " then; at step 608, the difference between We cur- 
rent inlet gas temperature t1 (output of the tempera- 
ture sensor 24) and the current outlet gas temperature 
t2 (butput of the temperature sensor 20) of the 'lean 
'N Ox catalyst 6 is calculated' using the equation delta 
t"- - t2**- til" Then, at step 610, a catalyst degradation 
function D is calculated as a difference betweeh the 
' fcurre nt" tern perature'^differe nee delta £ and the refer- 
ence temperature difference >: delta* Ti 1 usirigMhe 
'^uation D = 'delta Ti L - J delta f. Then, 1 at step 6^12, a 
catalyst degradation extent DR is calculated using a 
map of DR versus D map* of FIG. 16. fn this iristanbe, 
'•th'i sfe ! ps 604 through 612 and'FIG. 16 cohstitute'the 
'Vneans for determining 1 degradation of the^lean Kl6x 

* catalyst 6 In the third em bod i m erit. - ^ * 4 ' : \ 

Then, at step 614f a lower limit T1 and an upper 
,r limit f 2 of anobject temperature range for the f catalyst 
6 are calculated based /oVi thV catafysPde^radaftion 
extent DR using' a map of bbject temperature 1 range 
versus catalyst degradation exteht'bf FIG. i7Jih*FIG. 
17, there is a Relationship 'between the 1 temperatures 
T1 and T2 and the degradation extent D& such that 
"the larger the value DR is, the higher the temperatures 
T1£rYd T2 3 arer. Then, at sfefD 616, the Idwer limit of the 
object temperature range TC is repla'cetl L 6^ i fhe cal- 
r curafe<3 Ti and' \he r u'pper lirriil of the radge ^TH^rs 1 rep- 
laced by T2'.' the ^contrdf of catalyst 'tempbrarture f is 
exebiited according* tdlfW routinle bf Fl<3. 4 whtc>i : was 
discus§ett' : Therir trie routine 'proceeds to step 618, 
where an object HC concentration H1 is calculated 
using the map of H1 versus bfedf+l^fa/ln'FfS'^iS, 
there is a relationship between the object HC concen- 
" tFation-H1' 3 3hid the degradation "exteiit DR such that 
r! the' larger the Dfctis, the higher the H(5'cohceh ; tration 
: Ht is: At ste0 620, the object 'rfC^cohcentha'tion HT is 
replaced by the calculated H1. The con'trbrbf the'HC 
'< arnoijht is executed Vising fherdutihe bf'FIG.'S which 
was discussed jin thiS' instance, the f; steps 618 ; and 
620 and FIG. 18 constitute the means for increasing 
•*he arnbunt of hydrocarbons supplied to the lean NOx 
^catalyst 6' in the th i rd em bo dimeht:' Further, the steps 
f 6 v 14 and 6'f6 and FIG. 17 constitute the means for 
c nntreasing the catalyst temperature when the catalyst 
- 6 has been degraded irr the third embodiment. ' 

• FOURTft* EMBODIMENT - : - 

" n?r " An exhausYgas' purifica tio'n- system for an : internal 
combustion entjine of *a fourth' embodiment is illus- 
trated in : FlSS. T-T^The system according to the 
: fourth embodiment has the same structure and oper- 
atfoh as those of 'th^' ^xha'ust gas purification system 
' of the* first embodiment exefept'that -the "means'' 'for 
1 -changing* a catalyst temperaiure td'a higher tempera- 
~'-ture side 'is 'essential in the fourth embodiment while. 



"such means was not absolutely essential in the first 
embodiment. In contrast, the means for increasing the 
amount of hydrocarbons supplied to the catalyst 6 
'was essential f in the first embodiment,' while such 

5 r means is not absolutely es'sentialln thefourth embo 1 
dfment. Further,- in the fourth embodiment, means'fbr 
determining degradation of the lean NOx catalyst 6 
determines degradation of the catalyst 6 based bri ah 
accumulated running 4 distance of an automobile to 

10 which' the engine 2 is mounted, as in theTirst embo- 
diment. - ' : * - * *■->-•:• 

Due to this structure, in the fourth embodiment, 
the catalyst temperature is shifted to a higher tem- 
* r perature side when the means for determining degra- 
15 - dation 6f the lean NOx catalyst 6 determines that the 
-catalyst 6' has been degraded. As a result, the 
-maximum NOx purification rate of the catalyst 6 can 
be used ev£n after the catalyst 6 has been degraded, 
so that decrease of the NOx purification rate of the 
'20 lean NOx catalyst- 6 "is suppressed. • ' 

■ ii-i ' i •■ ■ ' . rv: ' : \ ,\- 

FIFTH EMBODIMENT f " -r*r 

' * Am exhaust gas 1 purification systerrvfor ? an internal 
' 25 combustion engine of a fifth embodiment is illustrated 
5 in^FIGS'.'6 and 8-13. ! The system according to the v fifth 
' embodiment has the same structure and operation as 

- the exhaust gas ;> purification system of the^sVcond 
'erhb&dimeht except-that the means 1 { for changing a 

'30 ' catal y st* temperature to a h ig her te mpera tU re s id e is 
essential in the fifth embodiment while such means 
was not absolutely essential in th^ second embbdi- 
" ment. In contrast, 'the means for increasing^ the 
: amount of hydrocfeirbors supplied to the catalyst 61was 

35 - essential in the -secofid embodiment, while^^such 
means is not-absoio'tely -essential in the fifth embodi- 
ment. Farther,' in "the Tifth embodiment; means for 
determining de^ra 5 dation -of the lean NOx catalyst 6 
studies and determines degradation of the catalyst 6 

40 based on an accumulated running distance of -an 
automobile to which' the engine 2 is mounted, as in the 
second embodiment.' * r ; - " '•" 

' Due to this structure; in the frfth embodiment, the 
"catalyst temperature is shifted to a higher^tempera- 

45 ture side when the^means for determining degradation 
of the' Tean NOx catalyst 6 determines that the catalyst 

- 6 has been* degraded.* As a r result, the^maximum NOx 
; purification^ rate of the catalyst 6 can bfe' used, even 
^after the catalyst 6 has beien degraded, so that dec- 

r so * rease of "the NOx purification : rate of the lean NOx 
tatalyst 6 is suppressed. ' - ' *' . • 

•^'"SIXTH EMBODIMENT- ^ ■": ^ fc 

'55 . An exhaustgas purification system for an Internal 
• Combustion eng intern accordance -with a sixth embo- 
diment is*illustrated^ih FIGS. 19 and 20. The internal 

- ''combustion engine 2,' the exhaust 'conduit 4, the.lean 
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NOx catalyst . 6, the inJet gas .temperature sensor 24, 
and the outlet gas temperature sensor 20 illustrated 
in FIG. 6 are applicable to the sixth embodiment, 
further, a cooling water temperature sensor 32 and a 
muffler 30 are provided. - if v . • :> 5 
. : V Asjllustrated in* FIG. 20, in the sixth embodiment, 
a catalyst temperature control device includes an air 
pump 34. driven by the engine 2, an air nozzle 26 for 
injecting ,air from the air pump 34 against a converter 
case housing the lean. NOx catalyst 6, and a control w 
valve 28 installed in an air conduit .connecting the air 
pump 34 and the air nozzle 26. The ^amount of air 
injected from the air nozzle 26 is controlled by the air 
control valve 28 which is controlled by the ECU/ID., 
■. r, r . A routine (FIG. 19) for controlling, the, amount of 15 
cooling air is stored in the ROM of the ECU 10 r and the 
routine, is executed in the CPU of the ECU 10, This 
-routine of FIG. 19 is entered at intervals, of predeter- 
minedperiods of time, for example r at intervals of fifty 
milliseconds.^ step 702, the output of the cooling ,20 
water temperature sensor 32 is entered and it is deter- 
mined whether or not the engine ishbeing warmed 
based on. the cooling , water ^temperature. For 
..example, when the cooling water ternperature is equal 
to or lower thanj90°C, the engine condition is, deter- .25 
mined to be during a warming condition. When the 
engine is determined to be during a warming condition 
at step 7p2.,.the routine proceeds to step 710 to close 
the air-.control valve 28 tojstop air injection because 
the !ean t NOx catalyst 6 should be warmed-up. quickly .30 
. in .such, a condition. . , 

. r.r Wfren jhe engine is.determined.-to have : finished 
..warming-up at step ,7Qg, the routine proceeds to step 
704-whejre a determination is. made as to whether or 
notthe currentje^vgine operating condition is in a con- 35 
.^itjon: in ^ which, engine cooling is, allowed. For 
example^, if the current engine operating condition is 
not.in an idling condition, the engine operating condi- 
tion may beseemed to be an engine cooling allowable 
condition,. and theroutine proceeds to ;step 710 where r ,40 
the air control valve 28 is closed. Contrarily, if the cur- 
:xent engine operahng / cQno'itiGn is in an engine cooling 
.allowable condition at step 704, : the routine proceeds 
to step-706.- , , c ^v / „ . 

: ~i At sjep 706,-^3 difference between the output T1 45 
.ofthe inlet gas temperature :sensor 24 and the output 
IE of the outlet, gas temperature sensor 20 is calcu- 
lated ; and it is determined whether or not thetempera- 
,ture ( difference- isriaxger than a predetermined value 
TA- .When the. temperature difference is equal to or so 
less than TA, the lean NOx catalyst 6 is deemed to 
have been degraded. In this instance, the step 706 of 
; FIG. -19- constitutes means for determining degra- 
dation of thejean NOx- catalyst. 6 of the sixth embodi- 
. rnent. ,r> ~; • ; :$ 5 

„ When it .is ^determined at step 706 that the lean 
.NOx catalyst 6 -has .been degraded, the -.routine pro- 
ceeds to step 7 10; where the air-coptrpI;valve 28 is 



closed so that cooling of Jhe catalyst 6 is stopped and 
the catalyst temperature is changed to a higher side. 
In this instance, the step 710 of FIG. 19 constitutes 
means for changing a catalyst temperatureto a higher 
side in the sixth embodiment. When it is determined 
at step 706 that the lepn NOx catalyst 6 has not yet 
been degraded, the routine proceeds to step 708 
where the gir cp.ntrol valve 28 is opened so that the 
catalyst 6 is cooied. Other structures and operation of 
the sixth embodiment are the same as those^of the 
first embodiment Qf ; th,e invention. r , ,. 

In accordance with.anyjembodiment pf the inven- 
tion, when it is determinedly : the meani^fpr determin- 
ing degradation of a/c^telyst^that the catalyst 6 has 
been degraded, either the amount o| HC supplied to 
the catalyst 6 is increased by the me^nsforjncreasing 
the, amount of HC . or ,the v catalyst temperature is 
changed to a higher side by. the..means forchanging 
the catalyst temperature, so that, in either case, the 
NOx purification rate of the catalyst 6 is maintained to 
betijgh even after the catalyst 6 has been, ^graded. 

.Claims ,: _ : il n * J 5 r„ . 

1 . ti t An exhaust gas purification system t for ap i internal 
combustion engine ^comprising:* ; ^ , , T - 

an internal combustion engine (2) capable 
! : of fuej combustion at lean, aMuel -ratios and hav- 
...Jng an exhaust cpnduit.(4); , .. 
,. a catalyst (6} installed in the exhaust con- 

, . ^duit (4) of the engine (2) and constructed pf zeol- 
ite, ; said -catalyst carrying at least one .metal 
^elected from the, group. consisting of transition 
\ . metals ...and .noble rne t tals to reduce nitrogen 
. u : oxides .included jn ; exhaust gas from t the ^ngine 
(2) under oxidizing gas conditions and in the pre- 
! ... } sence of hydrocarbons; r , - . v ; . ( 

v - ., means for determining degradation of the 
, r , catalyst (6); and ... - ,.. ( - } , .. 

, means, for increasing, the.amquntpf hyd- 
, rocarbpns supplied to the catajyst (6) when the 
means for detep^inwig^egradation of the catalyst 
... .determines that } the catalyst (6) has .been deg- 
raded. . , - J: ; ^ ; 

r2. An-exhaustgas purification system for an- iptern : al 
cpnrU)ustion engine according to claim 1 f0 further 
■ < comprising an ^exhaust gas ^empej*ature j( pontrol 
- device (-8) installed in, a portion, of the »exhaust 
. . cpnduit-(4) upstream pf ? the cajaly$t,(6). : 

3. , An exhaustgas purifipation s^s^m^oran jntemal 
. ; ; ; -, combustion jenginp accordingt to cJaim. 1 , and 

. . , .further comprising a, hydrocarbon supply device 
, -: : which includes.a hydrocarbon- source (12), a hyd- 
. , . . rpcarbon supply.port (14) for introducing the hyd- 
r , ( rpcarbons frp|T) the. hydrocarbon, source : (-1.4) into 
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: a portion of the exhaust ?, cohdoit (4) 'upstreanrdf 
!, the catalyst (6), anda contrbi v^lve i;i*6); : Tns"talf^d 
L in a conduit connecting the hydrocarbbn' source 
(12) and the hydrocarbon ''supply' port* (1 4) ,%r 
''controlling the amount of hydrocarbons supplied 
into the exhaust conduit Xtf.'' " jC " 

An exhaust gas purification system for an internal 
combustion engine according to d aim 1; further 
comprising: K rV - ~ " i . 

a first exhraust' gas /temperature sehsbr 
(24) installed in'a'prortion bfthe exhaust conduit 
(4) upstream of trie catalyst (S)f ' ' ' : 

° a second exhaiist gas temperature' sWsbr 
(20) installed irr'a*pdrtibn of the exhaust cdncfuit 
l X4>d6wnsfriarfi of the catalyst (6); and ■ ,f ^* r, j 
- ;! aiT NOx f sehsdr (22) installed in th^brtb'n 
; bf the exhau^tlgas conduit (4) dbwnstreanSWtne 
catalyst"^). H = ' * ■ ' c '' D - ■' 

" Arrexhaust gas purification s^stenSfbrahfnterfia! 
combustion engine according to claim 1, wherein 
the means for determining degradation of the 
catalyst comprises means for determining '9e§ra- 
dation of the catalyst (6) based on an accumu- 
lated running-distance of an automobile to which 
the engine (2) is mounted. ' • ■ * 1 ir - K i:x 0 

'* Arfexhaust gas purification sysierriTbr an -internal 
combustion engine according to claim 5; wherein 
- the 1 mean s^or increasing the a mount of hydrocar- 
bons includes Vneans for calculating an- object 
amount of hydrocarbons to supplied to* the catal- 
yst (6) such that the* larger the' accumulated run- 
ning distance 'is,- the more the object amount of 
hydrocarbons to be supplied to the catalyst (6) is. 

An exhaust gas purification system for' ah internal 
"combustion engine according to claim 5, further 
comprising catalyst temperature c hang in g" means 
fbrcalculating upper and lower limits of an object 
catalyst temperature ratige" such thaf the more 
''catalyst' (6) has been degraded, the higher the 
upper and ibweir limits of -the object' catalyst tem- 
perature range are. , ; ' 

An exhaust gas purification system fbr^arr internal 
combustion engine according to claim 1; wherein 
the : meahs r for determining degradation of the 
catalyst r (6) c comprises ' means for modifying a 
reference NOx value by a curren£ v detected NOx 
amount and storing the modified reference NOx 
value uhtil an accumulated running-distance of an 
•automobile to which the engine is mounted finally 
reaches a "predetermined value, and' fneahs for 
calculating a NOx value drfference between a cur- 
rent detected NOx'a^bunUancMhe stored refer- 
ence NOx ^valtrd to.* determine a degradation 
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- extent of the catalyst- (6) bas'ed on the NOx value 
^^MerenW. 0 ' " « ' '•• - ■ " 

9. *' r; An exhaust gas purification system for an internal 
combustion engine according to claim 8 /wherein 
* - the means for increasing the* aYndUnt of hydrocar- 

* bohs' supplied to the 'catalyst (6) irfcludies means 
' 1 1 for 1 calculating an bbje'^hydFocdrboh concen- 

ji Oration based on the calculated NOi value differ- 
ence such that the larger the calculated NOx 

1 value tliffernce is, the higher the object hydrocar- 
bon 'concentration is. : 1 ' i 

10i An exhaust gas purification system for an internal 
cofnbustiorv engine according to claim-8, further 
T 1 cornprisrng means for calculating a catalyst terri- 
peratiire modification factor based oh the calcu- 
i5 la l ted NGx vatiie difference such that the* larger 
the calculated N&x value 1 difference is; the larger 
' the catalyst : feefnperature rhbdificatibh factor is, 

- anfr-means^for controlling anobject exhaust gas 
14 temperature Based on the calculated catalyst 
1 te'rh^rattfre ; mc^*ificatibn factor such that -the 

targer ttie Calculated' catalyst temperature modifi- 
nidation factor is, the higher the object exhaust gas 

- ** 'temperature is'. "■ ^huv 

11. Ah exhaust^as purification system for an internal 

• combustion engine according to claim 1 1 , wherein 

- the means for determining degradation- of -the 
catalyst (6) includes means for calculating a refer- 

" * ence temperature difference - between inlet' gas 
and outlet 'gas of the" catalyst (6) at a nbnVdeg- 
rad'ed state from an engine' load versus engine 
' speed mapi detecting a ^currerii temperature-dif- 
ference between the inlet gas and the outlet gas 
'of the catalyst (6), and calculating a degradation 
extent of the : catalyst (6) based on a deference be- 
tween the detected* current temperature differ- 
ence and ? the reference temperature" difference. 

12. An exhaust gas purification systern'for an internal 

- combustion engine according to claim 11, whe- 
rein the means for increasing the amount of hyd- 

*' rocarbbns supplied to the catalyst (6)0ncludes 

- " t ' i means for -calculating an i object hydrocarbon 
' ^ concentration bases oh the"* calculated de^ra- 

- p -datibn extent of the catalyst -(6) such that -the 
~ larger the calculated degradation extent of the 
catalyst (6) is, the higher the object hydrocarbon 
"concentration is. ■ ' r ^ : 
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An.exhaust gas purification systern'for an internal 
combustion engine according to claim' 11, further 
comprising catalyst temperature changing means 
for calculating upper and lower limits of an object 
catalyst 1 temperature Fange based on the calcu- 
lated degradation extent of the catalyst 1 (6) such 
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that the larger the calculated degradation extent 
of the catalyst (6) is, the higher the upper and 
lower limits of the object catalyst temperature 
range are. 

14. An exhaust gas purification system for an internal 
combustion engine comprising: 

an internal combustion engine (2) capable 
of fuel combustion at lean air-fuel ratios and hav- 
ing an exhaust conduit (4); ; 

a catalyst (6) installed in the exhaust con- 
duit (4) of the engine (2) and constructed of zeol- 
ite, said catalyst carrying at least one metal 

selected from the group consisting of transition 
metals and noble metals to reduce nitrogen . 
oxides included in exhaust gas from the engine 
under oxidizing gas conditions and in the pre- . 
sence of hydrocarbons; _ . : ~ 

means for. deternnining degradation qf, the 
catalyst (6); and 

means for changing a catalyst tempera^ r 
ture to a higher side .when, the means for deter- _ 
mining degradation of the catalyst (6) determines 
that the catalyst (6) has been degraded. ' - 

1 5. An exhaust gas purification system for an internal 
combustion engine according fo claim 14, further" " 
comprising an exhaust gas temperature control';; 
device (8) installed in a portion of the exhaust 

- conduit (4) upstream of the catalysf (6)i * , 

1 6. An exhaust gas purification system for an internal 
combustion engine according to claim 14, further 
comprising a hydrocarbon supply device which 
includes a hydrocarbon source (12), a hydrocar- 
bon sujpply port (14) forintroduclrig the hydrocar- 
bons from the hydrocarbon.. source (12) into a . 
portion of the exhaust conduit (4) upstream of the 
catalyst (6), and a control valve (16), installedMn 
a conduit connecting the hydrocarbon source (12) . 
and the hydrocarbon supply port (14), for control- 
ling the amount of hydrocarbons supplied into the 
exhaust conduit (4). 

1 7. An exhaust gas purification system for an internal* 
combustion engine according to claim .14, further 
comprising: ! 

a first exhaust gas temperature sensor" 
(24) installed in a portion of the exhaust concjuit 
(4) upstream of the catalyst (6); 

a second exhaust gas temperature sensor 
(20) installed in a portion of the exhaust conduit 
(4) downstream of the catalyst (6); and 

an NOx sensor (22) installed in the portion 
of the exhaust gas conduit (4) downstream of the 
catalyst (6). 

1 8. An exhaust gas purification system for an internal 



combustion engine according to claim 14, whe- 
rein the means for determining degradation of the 
catalyst (6) comprises means for determining 
degradation of the catalyst (6) based on an 
5 accumulated running distance of an automobile 

to which the engine (2) is mounted. 

19. An exhaust gas purification system for an internal 
„*, . ^combustion engine according to claim 14, whe- 
; jo rein the means for determining degradation of the 

catalyst (6) comprises means for modifying a 
reference NOx value by a current detected NOx 
amount and storing the modified reference NOx 
value until an accumulated running distance of an 
. is J } automobile to which the engine (2) is mounted 
reaches a predetermined value, and means for 
calculating an NOx value difference between a 
current detected NOx amount and the stored 
- . . > - reference NOx value ; to,<letermine a degradation 
20 1 ^.^ ixtent ofifte catalyst (6) based on the NOx value 
difference. 
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20. An exhaust gas purification system for an internal 
combustion engine according to claim 14, whe- 

. ^ .-..reiri the exhaust gas temperature control device 
includes an air pump (34), an air nozzle (26) for 
injecting air from the air pump (34) to a converter 
. , ; 'caseJiousingthe catalyst (6) therein, and a con- - 
trol valve (28 jr installed in an air conduit connect- 

ihQ the air pOrnp (34) and the air nozzle (26). 

21. An exhaust gas purification system for an internal 
combustion engine. according to claim 20, whe- 
rein the means for determining degradation of the 
catalyst (6) includes means which determines 

" 'that the catalyst (6) has been degraded when a 

temperature. difference between inlet gas and 

outlet gas of the catajyst (6) exceeds a predeter- 
- mined value.' - •■■ " 

22. An exhaust gas purification system for an internal 
" combustion 'engine according to claim 21, whe- 
rein the means for changing a catalyst tempera- 
ture includes- means for closing the control valve 

* ' (28) when' the means for determining degradation 
of the catalyst (6) determines that the catalyst (6) 
has been degraded. 
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